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The prevalence of moderate or severe aortic valve 
(AV) disease, namely aortic regurgitation (AR) and 
aortic stenosis (AS), has been estimated as 0.9% in 
the largest population-based study from the United 
States.1 The prevalence of AV disease rose strikingly 
with age, which is very low (<1%) before the age of 65, 
and increases to 2.3% for the ages between 65-74, and 
to 4.8% after the age of 75.1 Importantly, moderate or 
severe valvular diseases are not benign but have pro-
found consequences, with cardiac chamber remodeling 
on echocardiographic examinations (characteristic of 
volume or pressure overload) and are associated with 
excess mortality (relative risk of death was 1.36), after 
adjusted for coronary artery diseases and comorbid 
conditions despite the availability of surgical valve 
repair or replacement in the large population-based 
study.1 Therefore, the associated excess risk under-
scores the importance of accurate detection of valvular 
diseases. In this regard, advanced cardiac imaging 
plays a critical role in the early diagnosis and recogni-
tion, as well as the detection of its deleterious effect 
on myocardial function, which is the key to improving 
prognosis, as prompt referral for valve intervention will 
interrupt and alter the natural history of AV diseases. 
Therefore beyond the assessment of chamber dimen-
sions or left ventricular (LV) function, conventionally 
by ejection fraction (EF) assessment, the evaluation 
of myocardial tissue deformation and strain may help 
refine risk stratification and decision-making process 
in patients with AV diseases.

In the Euro Heart Survey, the most common val-
vular diseases referred to hospital were AV diseases 
(44%), and AS accounted for the majority (34%).2 
Similarly, valve interventions were performed mostly 
for AS (47%), and the predominant etiology was 
degenerative (82%).2 Therefore, the majority of AS 
were in the elderly population, affecting 56% in aged 
>70 and 14% were aged >80, in whom there are as-
sociated increased rates of comorbidities. In the Euro 
Heart Survey that analyzed the elderly patients with 
AS, 33% were not referred for surgery, with impaired 
LV ejection fraction and old age as the main reasons 
that determine the decision making.3 Until recently, 
AVR was the only definitive therapy but many elderly 
patients are considered high risk surgical candidates. 

Conversely, if symptomatic AS is left untreated, the 
prognosis is dismal with an average survival of 2 to 3 
years.4 Thus, there is a need for alternative treatment 
for AS, and transcatheter aortic valve implantation 
(TAVI) is a proven effective therapy in AS patients 
with extreme or high operative risk, with acceptable 
mortality and complication rates.5, 6 Besides technical 
advances and procedural experience, accurate patient 
selection is the key to achieve high success rates and 
low complications rates with TAVI. Multimodality 
imaging plays a crucial role in patient selection, guid-
ing the procedure and evaluation of the immediate 
and long-term results after TAVI.

Transthoracic echocardiography is the primary 
imaging modality for the diagnosis and assessment 
of its severity in AV disease, as well as to assess its 
prognosis by its hemodynamic consequences on the 
LV. There are many reasons why echocardiography 
is the preferred modality over the other modalities, 
due to its ability to provide real-time comprehensive 
evaluation of the anatomic and physiologic informa-
tion of all valves, including the aorta and ventricular 
functions, and its non-invasiveness and wide avail-
ability which allows for serial assessment. Current 
guidelines for intervention in patients with AV disease 
are based on the presence or absence of symptoms, 
as well as 2-dimensional (2D) echocardiographic 
parameters such as the LV size (LV dimensions) and 
LV function (LVEF).5, 6 However, conventional 2D 
echocardiography has several limitations and is less 
reproducible as it is affected by foreshortened apical 
views and the reliance on geometric assumptions for 
the calculation of LV volumes and EF.7

Regarding the assessment of valvular regur-
gitation, although it is recommended to quantify 
the severity of regurgitation,8, 9 this quantitative 
approach remains challenging in clinical practice 
due to multiple computations and assumptions 
inherent in its derivation using the proximal isove-
locity surface area (PISA) method.9 Yet, the widely 
used conventional semi-quantitative approach of 
assessment by color flow Doppler is not endorsed, 
as it is influenced by hemodynamic flow factors.8, 9 
Recent advances in echocardiography, in particular, 
3-dimensional (3D) echocardiography may have 
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overcome some of the above-mentioned limitations 
by permitting direct visualization and measurement 
of the regurgitant orifice area, without the need for 
additional computation or geometric assumptions.10

In addition, the advent of novel 2D speckle 
tracking echocardiography (STE) as a new, angle 
independent technique to evaluate myocardial defor-
mation and strain, have recently been reported to be 
clinically useful and reproducible.11 In this respect, 
the most commonly used measure of LV global 
systolic function is the global longitudinal strain 
(GLS), which has been shown to be an incremental 
predictor of adverse events, beyond LVEF.12, 13 
Moreover, impaired GLS strain may also predict 
worse outcomes after valve surgery in patients with 
valvular regurgitation.14, 15

Currently, the introduction of TAVI has revolution-
ized treatment of patients with symptomatic severe 
AS. In inopertable patients, TAVI has been shown to 
significantly improve survival over medical therapy.16 
Therefore, TAVI is now a class I recommendation 
in patients with severe AS and extreme operative 
risk.5, 6 Moreover, in patients with high operative 
risk, TAVI can be considered a viable alternative 
to surgical aortic valve replacement (SAVR) when 
TAVI is favored after a multidisciplinary Heart Team 
assessment,5, 6 as randomized trials have demonstrated 
that TAVI is non-inferior to SAVR,17 and is associated 
with significantly higher one-year survival rate than 
SAVR.18 Unlike SAVR where direct inspection is pos-
sible, TAVI mandates detailed pre-procedural plan-
ning and careful patient and prosthesis selection with 
the use of multimodality imaging of the AV, aortic 
root and peripheral arteries, for optimal procedural 
success. In addition, cardiac imaging plays a key role 
in the understanding of mechanisms of complications 
post-TAVI, and provides systematic evaluation and 
monitoring of the post-procedural results.

Three-dimensional echocardiography 
in aortic valve disease

Currently, 3D echocardiography are readily avail-
able and recent advances have permitted real-time 

visualization of the entire cardiac structures from 
any imaging plane. This is a major innovation in the 
field of cardiovascular ultrasound, offering superior 
imaging to conventional 2D echocardiography. The 
clinical usefulness of 3D echocardiography has been 
demonstrated in: 1) the evaluation of LV volumes 
and EF19; 2) the ability to present unlimited views 
of heart valves and intracardiac structures using 
3D TEE, as it offers superior spatial resolution and 
3D anatomic definition, and thus it is the recom-
mended primary imaging modality for guiding 
transcatheter interventions and for device sizing20; 
3) the volumetric assessment of regurgitant lesions 
using 3D color Doppler, with direct quantification by 
planimetry of the 3D color regurgitation jet (Figure 
1), irrespective of a non-circular orifice area or ec-
centric jet, typically seen in patients with functional 
mitral regurgitation.21, 22

Novel imaging modalities to assess LV 
deformation

Recently, myocardial strain imaging is proposed as 
a more sensitive technique to assess the contractile 
properties of the myocardium, by evaluating the 
active deformation of the myocardium in all 3 planes 
of cardiac motion, without being influenced by the 
tethering or translational cardiac motion. In contrast 
to previous technique of assessment using Tissue 
Doppler imaging that is angle-dependent on ultra-
sound insonation, the novel 2D STE overcomes this 
by tracking frame-by-frame of the national acoustic 
markers (the so-called speckles) on gray-scale 
images and permits measurement of deformation 
based on excursion between individual speckles 
throughout the cardiac cycle (Figure 2).23, 24 In most 
early disease process, the subendocardial fibers are 
preferentially affected, and thus the impairment of 
longitudinal function may occur with preservation of 
circumferential and radial function.25 The GLS, as a 
marker of subendocardial function, has been shown 
to be incremental and superior to resting LVEF12, 13 
Therefore, the conventional global measures of LV 
systolic function (such as LVEF, which is used to 
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determine intervention in the current guidelines5, 6) 
can be preserved until more advanced stage disease, 
as it lacks sensitivity in ascertaining the transition 
from compensated state to overt myocardial dys-
function and heart failure.14, 15 Hence, strain imaging 
using 2D STE may represent a promising tool, to 
detect subclinical myocardial dysfunction in patients 
with AV disease.

Multimodality imaging in TAVI for 
treatment of AS

The critical steps in ensuring procedural success in 
TAVI are patient selection, sizing of prosthesis and 
procedural planning, and noninvasive multimodality 
imaging plays a key role in providing the important 
information involving the detailed 3D anatomy of 
AV, its spatial relationship with the coronary ostia 
and the ascending aorta, as well as the peripheral 
arteries. Advances in 3D echocardiography, comple-
ment with the superior spatial resolution of multi-

Figure 1. Quantitative assessment of aortic regurgitation severity using the proximal isovelocity surface area (PISA) 
method using conventional 2-dimensional Doppler echocardiography (panel A). Real-time 3-dmensional (3D) 
echocardiography permits unlimited plane orientation, allowing for the true cross-sectional area of the regurgitant 
jet to be planimetered, without multiple computation steps (panel B).
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detector row computed tomography (MDCT) and 
magnetic resonance imaging (MRI) have enabled 
comprehensive pre-procedural evaluation, thus 
ensuring the best possible outcomes with TAVI.26, 27 
However, as with any new technology, pitfalls and 
limitations are present in the currently used trans-
catheter valves. Paravalvular regurgitation (PVR) 
is frequent after TAVI and its presence has been 
associated with worse clinical outcomes.28 Precise 
diagnosis and quantification of PVR is challenging, 
but advanced cardiac imaging provides insights 
into the understanding of the mechanism of PVR 
after TAVI, its assessment of severity, as well as its 
impact on outcomes over time. Finally, post-TAVI 
evaluation can also be systematically studied using 
cardiac imaging from several perspectives and in 
different patient groups.

Objectives and outline of the thesis

The objectives of this thesis were to investigate the 
role of advanced cardiac imaging modalities in the 
management of patients with AV diseases, and its 
clinical applications in transcatheter AV therapy.

In part I, the incremental value of novel imaging 
in patients with AR will be discussed. In particular, 
the additional diagnostic value of 3D echocar-
diography, over the conventional method of AR 
quantification using 2D Doppler echocardiography 
will be explored. Moreover, the value of 2D STE, 
over the conventional echocardiographic parameters 
to characterize LV performance in patients with 
chronic AR will be introduced.

Part II will focus on the clinical applications 
of multimodality cardiac imaging in TAVI for the 
treatment of severe AS. First, the evolving role of 
MDCT in the pre-procedural assessment and plan-
ning of patients undergoing transcathether valve 
therapy will be introduced. Next, the application 

Figure 2. Two-dimensional speckle tracking echocardiography enables comprehensive assessment of active defor-
mation of the myocardium in all 3 planes of cardiac motion, that is angle-independent on ultrasound insonation. 
Longitudinal strain (panel A) is calculated from apical views of the left ventricle (LV). Circumferential (panel B) 
and radial strain (panel C) are calculated from mid-ventricular short-axis views of the LV.
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of multimodality imaging in patient selection and 
procedural planning is proposed in the pre-TAVI 
evaluation algorithm.

After TAVI, the use of cardiac imaging to im-
age, understand and quantify AR post-TAVI, and 
to guide further maneuvers intra-procedurally will 
be discussed. In addition, whether the AV calcium 
and its distribution, have an influence on AR after 
TAVI will be explored. Finally, the clinical and 
echocardiographic outcomes after TAVI will be 
further studied in patients with: 1) significant AR 
post-TAVI; 2) prosthesis-patient mismatch; 3) 
baseline impaired LV systolic function; 4) different 
procedural access, comparing transfemoral (TF) 
versus transapical (TA) approach.
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